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(57) Process for the generation of electrical energy 
in an internal reforming high temperature fuel cell, com- 
posing steam and/or carbon dioxide reforming of a 
hydrocarbon feed gas in contact with a catalyst having 
activity in the steam reforming of the carbonaceous gas 
to fuel cell fuel gas and being arranged within the fuel 
cell in heat conducting relationship with electrochemical 
reactions proceeding in the cell; and 

eJectrochemtcally reacting the fuel gas in an 
anode cc*npartrnent of the cell for the generation of 
electric energy, wherein the steam reforming activity of 
the catalyst has been reduced by including one or more 
salts of metals selected from Group IA, IB, 1 1 A, IVAand 
VA of the Periodic Table in the catalyst. 
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Description 

The invention is cfirected to a method of producing 
electrical energy in a high temperature fuel cell with 
direct or indirect internal reforming, and. more particu- s 
lar, to certain improvements in the operation of such a 
ceQ by employing a partly passivated steam reforming 
catalyst for the internal reforming of a carbonaceous 
feed gas. 

High temperature fuel cells, such as molten carbon- 10 
ate fuel cells, comprise usually an electrolyte sand- 
wiched between an anode and a cathode. In the molten 
carbonate fuel cell, the electrolyte consists mainly of a 
mixture of alkaG and alkaline earth metal carbonates. 

At the anode, carbonate ions, which are formed at 15 
the cathode and transported through the electrolyte, 
react with fuel ceO process gas mainly consisting of 
hydrogen to form water and carbon dioxide and Iterat- 
ing electrons according to the reaction: 

H2 + CO 3 -->H2O + C0fc + 2e- (1) 

The electrons Iterated at the anode are through an 
external circuit conducted to the cathode, where the 
electrons react with oxygen and carbon dioxide to form 
carbonate ions according to the reaction: 

1 y40 2 + C02 + 2e--»C0 3 - (2) 

The above electrochemical reactions are in a con- 
ventionally designed moften temperature fuel cell usu- 
ally performed at temperatures between 500°C and 
800°C. 

The high operating temperature of e.g. the molten 
carbonate fuel cell makes it very suitable for internal 
reforming of carbonaceous feed gas, ag. methane, to 
anode fuel gas. 

During internal reforming, the carbonaceous feed 
gas are mixed with steam and/or carbon dioxide and 
reformed within the fuel cell by the following endother- 
mic reactions: 

CnHm + nHaO^rtCO + P^m + nJHg (3) 

C„H m + nCO & ^2nCO + (V6m)H 2 (4) 

The carbon monoxide may further react with steam 
according to the exothermic shift reaction: 

CO + HjO-frCOg + Ha (5) 

The reforming reactions (3) and (4) and the shift 
reaction (5) are carried out by contacting the gas with a 
specific steam reforming catalyst of Group VIII metals 
including nickel and ruthenium supported on a refrac- 
tory carrier material arranged internally within the cell in 
heat conducting relationship with the electrochemical 
reactions in the cell. 



Thereby, necessary heat for the above exothermic 
reactions (3) and (4) are supplied by excess heat pro- 
duced by the above exc4hermtc electrochemical reac- 
tions (1) and (2). As an advantage of such a fuel cell, the 
requirement for external reforming is eOminated or 
reduced, and, thus, the efficiency of the fuel cell 
increased. 

However, internal reforming in a molten tempera- 
ture fuel cell is problematic. 

As known in the art, the internal reforming catalyst 
is subjected to poisoning by alkaline compounds from 
the electrolyte, which results in considerable loss of cat- 
alytic activity. 

Poisoning of the catalyst with alkaline compounds 
and reduction of the catalytic activity is a function of the 
operating time of the fuel cell. Because of decreasing 
catalytic activity, the amount of catalyst used in the fuel 
cell is usually adapted to the required catalytic activity at 
the end of the fuel ceO fifetima 

As a consequence, the catalytic activity in the fuel 
cell is in the first period of the its lifetime much higher 
than required. The cell is, therefore, cooled excessively 
at the anode inlet due to the endothermic reforming 
reaction (3) and (4). Excessive cooling in this region 
leads to severe temperature gradients within the fuel 
cell, which reduce performance and lifetime of the fuel 
cell caused by i.a. thermic stress in cell unit materials. 

It has now been found that the temperature profile 
within an internal reforming high temperature fuel cell 
can be advantageously improved by operating the cell 
with a passivated internal reforming catalyst Thereby, 
the temperature profile in the fuel cell is smoothed dur- 
ing the first period of its lifetime and the fuel cell lifetime 
advantageously prolonged. Additionally, reduction of 
catalyst activity by poisoning with alkaline compounds 
has lower impact on passivated catalysts than on non- 
passivated catalysts. Thus, the activity of the passivated 
catalyst is at the end of the fuel cell lifetime sufficiently 
high to ensure the desired conversion of the hydrocar- 
bon in the fuel gas. 

Accordingly, this invention provides a process for 
the generation of electrical energy in an internal reform- 
ing high temperature fuel cell, comprising steam and/or 
carbon cficoride reforming of a carbonaceous gas in con- 
tact with a catalyst having activity in the steam reform- 
ing of the carbonaceous gas to fuel cell fuel gas and 
being arranged within the fuel cell in heat conducting 
relationship with electrochemical reactions proceeding 
in the cell; and 

electrochemical ly reacting the fuel gas in an 
anode compartment of the cell for the generation of 
electrical energy, wherein the steam reforming activity 
of the catalyst has been reduced by including one or 
more compounds of metals selected from Ooup IA, IB, 
II A, I VA and VA of the Periodic Table in the catalyst 

Steam reforming catalysts being useful in the 
above process are any of the catalysts having steam 
reforming activity, inducing the known nickel and/or 
ruthenium containing catalysts. 
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Inclusion erf Qroip I and/or Group II metals in the 
steam reforming catalyst reduces the steam reforming 
activity of the catalyst The rate of the endothermic 
steam reforming reactions (2) and (3), and, accordingly, 
the temperatur drop caused by the steam reforming 
reactions is considerabry tower by use of the passrvated 
catalysts. 

Depencfing on the desired final catalytic activity of 
the steam reforming catalyst and the maximum tolera- 
ble temperature drop at the inlet to the anode chamber, 
the catalyst wiD typically be passrvated by inclusion of 
between 0.1% and 10% by weight with the above met- 
als calculated from their metal form. 

The metals may be included in the catalyst by 
impregnation with an aqueous solution of salts of the 
metals, such as hydroxide carbonates and nitrates, or 
coprectprtation of the main catalytic ingredients with 
Qroup I and/or Group II metal compounds. 

Using a molten carbonate fuel cell in the above 
process, preferred metals for passivating the steam 
reforming catalyst are sodium, lithium and/or potassium 
in form of their carbonates. 

The impact of partly passivating the catalyst on the 
temperature is, furthermore, illustrated by the following 
computation models, which illustrate the calculated 
temperature profile in a fuel ceD using a partly passi- 
vated steam reforming compared to an unpassivated 
catalyst 

Example 

In the Example, a conventional steam reforming 
catalyst with Ni on MgO (comparison catalyst commer- 
cial available from HakJor Topsee A/S. Denmark under 
the tradename RKNR) and different catalysts according 
to the invention, passivated of the conventional Ni 
steam reforming catalyst with Na, K. Cu salt The cata- 
lysts have been prepared by impregnation of the Ni-cat- 
alyst with 1.6 wt% NagCC^. 2 wt% K2CO3 and 2 wt% 
CufNQsfe* respectively, have been aged in a reactor at 
650°C in a mixture of Kfe and H2O for 72 hours. The 
activity of each catalyst was then determined as a func- 
tion of runtime in a reactor, in which a fuel gas consist- 
ing of 

200NI/hH2O 
5Nl/hC02 
20Nl/hH2 
50 Nl/h CH 4 

was passed at an inlet temperature of 650-675°C 
through an electrolyte bed {KozaUoxxk&h in a porous 
LiAlO^ matrix, and, subsequently, over the catalyst The 
relative loss in activity versus time for the three catalysts 
are shown in Fig. 1 , where (■) refers to the conventional 
catalyst, (+) to the N^CO^ passivated catalyst and (*) 
to trie K2CO3 passivated catalyst 

As seen from Rg. 1, the relative steam reforming 
activity of the passivated catalyst is considerably higher 
after an operation time of 160 hours than the relative 
activity of the comparison catalyst 



Similar to the above Ni steam reforming catalyst, 
the activity of ruthenium and nickel/calcium aiurrttnate 
steam reforming catalysts passivated with th abev 
metal salts show higher relative activity after a certain 

5 time on stream than the unpassivated catalysts, as 
seen from Fig. 2 and 3. 

Rg. 4 shows results from a computation model of 
the temperature profile in an internal reforming fuel cell 
at a relative axial distance from 0 to 1 in the anode com- 

70 partment of the fuel cell with a passivated catalyst (■) 
and the temperature profile obtained with the non-pas- 
sivated comparison catalyst (+). As seen from Fig. 4, 
the cell temperature drops abruptly from an inlet tem- 
perature of 600°C to about 500°C in the inlet region by 

15 use of the unpassivated reforming catalyst due to 
excessive cooling by the reforming reactions proceed- 
ing on the unpassivated catalyst at a high rate in the 
inlet region. 

When using the passrvated reforming catalyst, a 
20 slight temperature increase from an inlet temperature of 
600°C to a maximum temperature of apprax. 675*0 is 
calculated caused by the reduced steam reforming 
activity of this catalyst 

25 Claims 

1 . Process for the generation of electrical energy in an 
internal reforming high temperature fuel cell, com- 
prising steam and/or carbon dioxide reforming of a 

30 hydrocarbon feed gas in contact with a catalyst hav- 
ing activity in the steam reforming of the carbona- 
ceous gas to fuel cell fuel gas and being arranged 
within the fuel cell in heat conducting relationship 
with electrochemical reactions proceed ng in the 

35 cell; and 

eJectrochemicalry reacting the fuel gas in an 
anode cornpartment of the cell for the generation of 
electric energy, wherein the steam reforming activ- 
ity of the catalyst has been reduced by including 

40 one or more salts of metals selected from Group I A, 
IB, I IA, I VA and VA of the Periodic Table in the cata- 
lyst. 

2. The process of claim 1 . wherein the Group IA metal 
45 salt comprises I^COj, Li2C0 3 and/or KgCOj, the 

Group IB metal salt comprises CufNO^ and the 
Group II metal salt comprises BaCO^ 

3- The process of claim 1, wherein the high tempera- 
50 ture fuel cell is a molten carbonate fuel cell. 

4. The process of claim 1, wherein the steam reform- 
ing catalyst is arranged in indirect heat contact with 
the electrochemical reactions in an anode compart- 
55 ment of the fuel cell. 

&. The process of claim 1. wherein the steam reform- 
ing catalyst is arranged directly in an anode com- 
partment of the fuel cell. 
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6. The process of claim 1 , wherein the steam reform- 
ing catalyst comprises one or more metals selected 
from Group VIII of the Periodic Table. 

7. The process of claim 6, wherein the Group VIII s 
metal is selected from Ni, Ru. Rh, Pd. Pt, Ir, Co and 
mixtures thereof. 
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